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The invention relates to a method for determining a 
steering-wheel torque such as is known, for example, 
from DE 23 48 317 Al on which the generic type is 
based. 

In a method according to DE 23 48 317 Al, it is 
proposed, in order to compensate interference effects, 
to generate for the driver a steering torque which 
signals interference forces. In this context, the 
steering torque is generated in such a way that the 
forces which are opposed to the steering torque by the 
driver compensate the interference forces. The steering 
torque which is generated therefore acts in the 
direction of actuation of the steering wheel in such a 
way as to make the travel situation worse. 

This procedure is disadvantageous if the driver does 
not apply the necessary steering torque. The desired 
compensation effect then does not occur. 

Furthermore, it is known from the prior art to perform 
steering interventions in order to stabilize a critical 
driving state. In this regard it is known, for example, 
from DE 196 50 691 C2 to determine an overall wheel 
lock angle additively from the wheel lock angle which 
is specified by the driver and a kinematically 
calculated additional steering angle. Although this 
procedure is suitable for intervening in critical 
driving states in a stabilizing fashion, this 
intervention is independent of the behavior of the 
driver and the feedback to the driver is at most 
indirect . 

Furthermore, the steering behavior of a vehicle and the 
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necessary for a steering lock is dependent on the 
structural design of the steered axle, essentially 
therefore on the structural design of the axle of the 
steered wheels. Significant structural features are 
toe-in, steering offset, camber angle, steering angle 
inclination, and also the interference force lever arm 
in the case of vehicles which are driven at the steered 
axle. In this context, the axle design is adapted as a 
function of further structural conditions of the 
vehicle such as, for example, weight, axle load 
distribution, travel speeds, in such a way that the 
comfort and driving safety are ensured over as large a 
range of the use of the vehicle as possible and at the 
same time a steering behavior which is pleasant for the 
driver occurs. During this adapting work, different 
target conflicts occur so that an optimum structure 
cannot be achieved for all ranges and travel 
situations . 

Furthermore, an object of the invention is to provide 
the driver with optimized feedback about the steering 
forces and in this way bring about increased driving 
safety - 

The object on which the invention is based is achieved 
by means of a method according to the invention. 

In a method, a steering torque for the steering wheel 
of a motor vehicle is determined. In this context, a 
steering angle for steered wheels is predefined by the 
driver by means of the steering wheel. A steering 
torque which represents the forces on the vehicle axle 
acts on the steering wheel. According to the invention, 
a manual torque is determined here using at least one 
axle model . The manual torque is then superimposed on 
the steering-wheel torque. 



Determining the manual torque using the at least one 
axle model makes it possible to determine the steering 
torque in accordance with a model which does not 
necessarily correspond to the structural conditions of 
5 the vehicle. It is therefore made possible for the 
steering torque which is fed back to the driver to be 
decoupled from the steering torques which are actually 
active, while at the same time nevertheless feedback 
which corresponds to customary behavior of a steering 

10 system is provided- As a result, the driver is prompted 
to perform a steering action on the steering wheel 
which generates steering angles which correspond to a 
better driving behavior of the vehicle. It continues to 
be possible to maintain a fixed relationship between 

15 the steering wheel angle and the steering angle of the 
steered wheels, for example by means of a continuous 
mechanical connection between the steered wheels and 
the steering wheel. Nevertheless, the invention can 
also be used within the scope of what is referred to as 

20 a steer-by-wire steering system without a continuous 
mechanical connection. For this reason, the invention 
generates a steering sensation which is optimized in 
comparison with other steering systems, and improves 
driving safety. 

25 According to one advantageous embodiment of the 
invention, the manual torque is determined in this 
context in such a way that actuation of the steering 
wheel in a direction which is favorable in terms of 
vehicle movement dynamics is made easier and/or a 

30 direction which is unfavorable in terms of vehicle 
movement dynamics is made more difficult. Additionally 
taking into account vehicle movement dynamic states and 
predefining a steering torque which counteracts states 
which are unfavorable in terms of vehicle movement 

35 dynamics supports the driver in his steering task. By 
means of the manual torque which is generated in this 
way, actuation which is favorable in terms of vehicle 
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movement dynamics is made easier and actuation of the 
steering wheel by the driver which is unfavorable in 
terms of vehicle movement dynamics is made more 
difficult, but the latter is not impossible. The driver 
5 is therefore not relieved of the task of actuating the 
steering system in an appropriate way, but on the other 
hand he can also overcome the applied manual torque and 
predefine some other behavior than the behavior which 
is favorable in terms of vehicle movement dynamics. 

10 One preferred embodiment provides for the manual torque 
to be determined using a model, in particular an 
observer. The axle model may be embodied, in 
particular, as a model or observer in the sense of 
control technology. In this context, the forces at the 

15 steering wheel which result from the model are 
determined from measurable variables and a predefined 
axle model and are then predefined at the steering 
wheel as the torque to be generated. In this context, 
the model or the observer does not necessarily need to 

20 reflect the actual conditions of the vehicle. The 
parameters of the model, such as toe-in, interference 
force lever arm, run-on distance, caster angle, 
steering offset, camber angle and steering angle 
inclination which can be used, depending on the 

25 complexity, available computing power and modeling 
which has been carried out or is necessary, in the 
model such as an observer, may deviate from the actual 
structural conditions in this regard. The observer then 
reflects a different behavior than the actual behavior 

30 of the vehicle. Alternative embodiments of the 
invention provide for the manual torque to be 
determined using a characteristic diagram, instead of 
using an observer. 

According to a further embodiment of the invention, the 
35 manual torque is determined as a function of a travel 
situation which is derived from measured variables. For 
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this purpose, in particular a travel situation is 
determined. From the travel situation which is 
determined, an axle model or a characteristic diagram 
which is favorable for driving the travel situation is 
5 derived and the manual torque is determined on the 
basis of this axle model or this characteristic 
diagram. In a further embodiment of the invention, the 
manual torque is then determined in such a way that the 
resulting torque from the steering-wheel torque and 
10 manual torque correspond to the steering-wheel torque 
of the favorable axle model. This measure 
advantageously leads to the driver predefining steering 
angles which are adapted to the specific travel 
situation . 

15 The detection of a travel situation from measured 
variables permits the behavior to be adapted to 
individual travel situations. In this context it is 
possible, for example, in particular for travel 
situations such as p split, cornering, side wind and . a 

20 low coefficient of friction to be detected. In 
particular the variables comprising the braking 
pressure, wheel speeds, attitude angle and steering 
angle and the like can be used for this purpose. 

25 Ay split situation is detected here, for example, by 
means of different braking pressures, and different 
braking pressures can occur not only in the case of 
braking with vehicles on sections of road with 
different coefficients of friction but also in the case 

30 of driving if a slip control prevents a drive wheel on 
the side of the vehicle with the lower coefficient of 
friction from slipping. Cornering can also be derived 
from the wheel speeds. Attitude angles and wheel 
steering angles are measurable variables which permit 

35 traveling in a side wind to be detected. By means of 
the wheel slip, which can be sensed from the wheel 
speeds, and braking interventions (wheel braking 
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pressures when there is an intervention of an antilock 
braking system and in the braking interventions for 
traction control) it is possible to detect a situation 
with a low coefficient of friction . 

5 According to the refinement of the invention, it is 
then possible to determine the manual torque in all 
detected vehicle movement dynamic situations in a way 
which is adapted to this particular situation by in 
each case using a specific axle model which is adapted 

10 to the travel situation to determine the manual torque. 

Instead of the suitable selection of an axle model it 
is also possible to assign a corresponding 
characteristic diagram for the manual torque to each 
detectable travel situation. In this context such a 

15 characteristic diagram can be specifically adapted or 
else contain values which are derived from axle models 
which are calculated in advance. This procedure reduces 
the computing capacity which is necessary to carry out 
the determination of the manual torque and the 

20 computing capacity in comparison with model-based 
systems . 

According to the invention, the manual torque can 
alternatively or additionally be determined as a 
function of at least one value obtained from predefined 
25 setpoint driving behaviors and actual driving 
behaviors . 

Further refinements of the invention provide for the 
manual torque to be determined taking into account at 
least one of the vehicle-related variables comprising 

30 the steering angle, yaw rate, rolling speed, pitch 
rate, vehicle speed, wheel speeds, wheel braking 
pressure, wheel acceleration, longitudinal 

acceleration, lateral acceleration, vertical 

acceleration, steering torque and wheel supporting 

35 forces, these variables being expressed in particular 
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in the axle models used and thus in the corresponding 
model or observer. In this context, the manual torque 
can also be determined as a function of at least one 
device for sensing the road profile, such as a 
5 navigation system or a visual sensing device. These 
devices also make it possible to determine the section 
of a route traveled along from data which is sensed 
with said devices, and, for example, to derive 
therefrom an axle model which is to be preferably used. 
10 These systems also have the advantage that they not 
only permit a current driving state to be detected but 
also make possible predictive statements about 
anticipated behavior. 

Furthermore, the invention is presented not only in the 
15 claims but also in the description and will be 
explained in more detail below with reference to an 
exemplary embodiment which is presented in the drawing. 
In this context, the single figure shows a block 
diagram of a means of determining the manual torque 
20 according to the invention using observers. 

The diagram of the single figure shows, in a functional 
block illustration, an example of the determination of 
the manual torque using two models, the models in the 
illustrated exemplary embodiment being observers. One 

25 observer is used here to determine the steering torque 
which results from the vehicle model which is actually 
implemented in the vehicle, while the other observer 
determines a desirable manual torque using an axle 
model which is adapted to the detected travel 

30 situation. 

In order to determine the travel situation, measured 
values are fed to the travel situation detector 104 
from sensor and evaluation devices 101, 102 and 103 of 
the vehicle. The sensors 101 are sensors for 
35 determining the vehicle dynamics, that is to say, for 
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example, the steering angle, yaw rate, attitude angle, 
vehicle speed and lateral acceleration. The sensor 
signals may be fed, after suitable processing as 
measured values, to the control unit for the manual 
5 torque, for example by means of a data bus, by 
implementing the method according to the invention. The 
sensor signals may, for example, also come about within 
the scope of other control methods such as an antilock 
braking system or a vehicle movement dynamics 
10 controller, and then be passed on to the device for 
determining the manual torque. 

The sensors 102 transmit values for the wheel speeds of 
the individual wheels, at least of the steered wheels, 
and wheel braking pressures, which have been measured 

15 or calculated with the support of a model, at least of 
the steered wheels. Alternatively or in addition to 
sensors 101 and 102, it is also possible to feed an 
evaluation signal to an evaluation unit 103 which 
senses and evaluates the section of route or the road 

20 surface by means of the signals of an optical sensing 
device such as a video camera or a satellite navigation 
system. 

The presence of a specific travel situation is detected 
in the travel situation detector 104 by means of the 
25 sensor data supplied. The result is fed, on the one 
hand, to a driving behavior optimizer 105 and to the 
axle model observer 107. 

In addition to this, the driving behavior optimizer 105 
is also supplied with the sensor data of the vehicle 
30 movement dynamics sensors 101. A setpoint vehicle 
behavior relating to the dynamics of the vehicle about 
the vertical axis, for example a setpoint yaw rate 
and/or a setpoint attitude angle, is derived therefrom. 
This value is also fed to the axle model observer 107. 
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Furthermore, the data of the vehicle movement dynamics 
sensors 101 are fed to an actual driving behavior 
determining device 106. The vehicle movement dynamic 
variables of the actual behavior of the vehicle are 
5 derived therefrom and also fed to the axle model 
observer 107. 

In parallel with this, wheel data 109 which is sensed 
by sensors and represents the actual wheel behavior 
such as the wheel forces in different directions, is 

10 sensed, evaluated and fed to the actual model observer 
108. The actual model observer 108 determines the 
steering torque M_ist which is actually fed back to the 
steering wheel by the vehicle axle, on the basis of an 
observer which represents the actual structure of the 

15 axle. This value is fed to an evaluation unit 110. As 
an alternative to what is illustrated here, it is also 
possible for the sensing operation to be carried out by 
means of sensors instead of determining the actual 
torque M_ist of the steering torque using a model or 

20 observer. 

In addition, a value for the manual torque M_soll which 
is determined in the axle model observer 107 on the 
basis of the data fed to it is fed to the evaluation 
unit 110. In this context, the axle model observer 

25 uses, for the axle model, an observer which has been 
selected as a function of the travel situation. The 
axle model is selected here in such a way that it is 
optimized for the detected travel situation, and during 
the determination it is also possible to take into 

30 account the control error between the setpoint behavior 
of the vehicle and the actual behavior of the vehicle. 

The control difference is then determined in the 
evaluation unit 110 from the manual torque M_soll which 
is determined and the steering torque M_ist, and a 
35 signal is filtered and then fed via a controller to the 
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manual torque actuator 111 which is actuated by the 
controller of the evaluation unit 110 in order to 
generate the manual torque M_soll, This is carried out, 
for example, by superimposing a corresponding torque so 
5 that the sum of the superimposed torque and the 
steering torque M_ist yields the manual torque M_soll- 
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